• There was a trend for increased prevalence of T2DM in adults in China from 1995 to 2009, with a decrease from 2010 to 2014.
Introduction
In a recent global study, the International Diabetes Federation (IDF) estimated that from 2013 to 2035 the global number of people with diabetes mellitus is expected to increase from 382 to 592 million, with the number of Chinese people with diabetes increasing from 98.4 to 142.7 million. 1 3.0 % to 14.0 % in males and from 7.9 % to 15.9 % in females from 1997 and 2007 in Japan, 6 and from 1.9 % to 5.6 % from 1993 to 2003 in China. 7 The 2010 Global
Burden of Disease Study concluded that the proportion of disability-adjusted life years from diabetes increased from 1.1 % in 1990 to 1.9 % in 2010 worldwide 8 and from 1.2 % to 2.5 %, respectively, in China. 9 With economic advancement and increasing urbanization, the lifestyle of people may lead to significant changes in China. 7 Lifestyle-related factors have been implicated as important contributors to the development of diabetes. 1 Therefore, evaluating the trend in the prevalence of T2DM is important. Despite a number of systematic reviews and metaanalyses of the prevalence of diabetes, no differentiation was made between type 1 diabetes mellitus (T1DM) and T2DM, 10 and the secular trend in the pooled prevalence over the long term has not been examined. [11] [12] [13] In the present study, we used systematic review and metaanalysis to report secular trends in the pooled prevalence of T2DM for adults in China from 1995 to 2014.
Methods

Search strategy
A systematic search was made for studies of the prevalence of T2DM in adults in China published in English and Chinese from January 2000 to December 2014 in PubMed, Web of Science, the China National Knowledge Infrastructure (CNKI), and the Wanfang Database using the MeSH terms "diabetes mellitus", "prevalence", and "China". The reference lists of relevant studies were also searched. Adult diabetes was considered T2DM during the search.
Study selection
Studies were included in the present study if they: (i) were based on a general population; (ii) involved complete prevalence data for diabetes; (iii) were performed on subjects ≥18 years of age; (iv) were performed on subject from mainland China; and (v) used a definite diabetes diagnostic method. Studies were excluded if they: (i) were performed on participants from a specific industry or occupation; (ii) were hospital-based study designs; (iii) were reviews, comments or lectures; (iv) used a non-random sampling method; and (v) were performed on a study population from an area smaller than a city. If more than one report was found for the same population, only the most recent report was included in the analysis. The year of study completion was used as the time variable. If the survey time was not provided, publication year was used. Two authors (CH and MZ) independently performed the literature search to identify studies. Discrepancies were resolved by discussion with a third author (XL).
Data extraction
The following data were independently extracted by two authors (CH and MZ) for each included study: first author, place of study, survey time, sample size, age range and gender of participants, prevalence, and diagnostic criterion. 20 Data were also analyzed according to region (urban vs rural areas).
Assessing the risk of bias
Two authors (CH and MZ) used guidelines for critically appraising studies of prevalence or incidence of a health problem. 21 The scoring system involved eight items: study method validity (six items), interpretation of the results (one item), and applicability of the results (one item). The total score was the sum of scores for each item, with scores of >7, 4-7, and <4 representing high-, moderate-, and low-quality studies, respectively.
Statistical analysis
Data are presented as percentages and 95 % confidence intervals (CIs). Heterogeneity of studies was estimated by the Q test. The model to combine prevalence rates was selected according to the results of the Q test. Subgroup analyses by AGDP and diagnostic criteria were also performed to explore the source of heterogeneity of the included studies. Chi-squared and CochranMantel-Haenszel tests were used to assess differences among subgroups and the secular trend of pooled prevalence, respectively. Publication bias was evaluated by Egger's test and plotting. Sensitivity analyses involved removing some low-quality studies. Statistical significance was set at two-tailed P < 0.05. Analyses were performed using Stata version 11.0 (StataCorp, College Station, TX, USA). Chi-squared and Cochran-MantelHaenszel analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC, USA).
Results
Literature search and study characteristics
Of 3987 articles identified, 46 were included in the final analysis ( Fig. 1; 1 463 079 participants [range 619-769 792]). The details of the studies are given in Table 1 . The total prevalence of T2DM ranged from 2.6 % to 19.4 % from 1995 to 2014. In all, four studies 25, 27, 31, 54 were considered to be of high quality and 42 of moderate quality. [22] [23] [24] 26, [28] [29] [30] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] For most of the studies included, the main limitations were no information for non-responders and no reporting of 95 % CIs of T2DM prevalence. The quality of studies included for analysis was evaluated using a scoring system using eight items: study method validity (six items), interpretation of the results (one item), and applicability of the results (one item). 21 The total score was the sum of scores for each item, with scores of >7, 4-7, and <4 representing high-, moderate-, and low-quality studies, respectively 4 Data are weighted percentages.
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Results of meta-analysis
The Q test revealed significant heterogeneity among studies (Q = 30 222.58, P < 0.001; Fig. 2 ). Therefore, we chose a random-effects model to pool the overall prevalence of T2DM. The pooled prevalence was 7.9 % (95 % CI 6.7 %-9.0 %). Figure 3a shows an increasing trend (P < 0.001) in the prevalence of T2DM in the adult Chinese population from 1995 to 2014, except for a decrease (P < 0.001) in 2010-14. The upward trend was particularly evident from 2000 to 2009 (from 6.6 % to 10.3 %, respectively).
The prevalence of T2DM increased in urban (χ 2 = 1325.69) and rural areas (χ 2 = 702.25; P < 0.001 for both) from 1995 to 2014 (Fig. 3b) . Moreover, the prevalence of T2DM increased more in urban than rural areas from 1995 to 2014 (5.1 %-12.5 % vs 3.0 %-7.6 %). The increase in prevalence of T2DM from 1995 to 2009 was greater for males than females (Fig. 3c) . However, after a rapid increase (P < 0.001), the prevalence of T2DM decreased from 2010 to 2014 for both sexes (P < 0.001). The prevalence of T2DM did not differ between males and females from 1995 to 2004. The prevalence of T2DM increased especially for participants aged ≥60 years, followed by those aged 40-59 and 18-39 years (Fig. 3d) . The prevalence of T2DM for participants aged 18-39 years continued to increase from 1995 to 2014 (χ 2 = 199.09, P < 0.001). However, after a quick increase in the prevalence of T2DM for participants aged 40-59 and ≥60 years (P < 0.001), prevalence decreased from 2010 to 2014 (P < 0.001). The prevalence of T2DM also increased with increasing of age from 1995 to 2014.
The pooled prevalence of T2DM differed by AGDP and diagnostic criteria (χ 2 = 2262.51 and χ 2 = 1097.72; P < 0.0001 for both; Table 2 ). The prevalence of T2DM increased from 5.8 % to 11.6 % with AGDP degree of development (χ 2 = 3170.82, P < 0.0001). Criterion D (2009 ADA) yielded the highest pooled prevalence (11.1 %) and Criterion A (1985 WHO) the lowest (4.8 %).
Sensitivity analysis and publication bias
The combined prevalence rates did not vary much after removing some low-quality studies. We found no evidence of publication bias by Egger's test (T = À1.82, P = 0.076) or plotting (Fig. 4) .
Discussion
We observed a rapidly increasing trend in the prevalence of T2DM in adults in China from 1995 to 2009 and a decrease from 2010 to 2014. The increase in the prevalence of T2DM was greater for urban than rural areas, males than females, and older than younger adults.
The overall prevalence of T2DM for adult Chinese (7.9 %; 95 % CI 6.7 % -9.0 %) was lower than the worldwide prevalence of T2DM in men (9.8 %; 95 % CI 8.6 % -11.2 %) and women (9.2 %; 95 % CI 8.0 % -10.5 %) in 2008, 68 and the prevalence of T2DM in Bangladesh in 2011 (9.2 %), 69 Korea in 2009 (11.8 %), 5 and in the US in 2011-12 (12.4 %), 2 but higher than that in the Netherlands in 2013 (4.4 %), 4 in Australia in 2011-12 (4.6 %; 0.6 % for T1DM and 3.9 % for T2DM), 70 and in India in 2011 (5.1 %; 62.4 million).
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A recent national study in 2010 in China reported a prevalence of total diabetes of 11.6 %. 54 Obviously, China is among those countries with a high prevalence of diabetes. From 1995 to 2009, the prevalence of T2DM increased greatly in adult Chinese. This is in accordance with previous studies, which have reported increases in the prevalence of T2DM from 10.1 % to 13.8 % in urban areas and from 7.7 % to 12. from 1980 and 2014. 74 Given the increase in the older adult population, 75 the growing prevalence of obesity 7 and inappropriate dietary habits and lifestyles, 76 and the impressive development of the economy in China in recent years, a rapid increase in the prevalence of T2DM is easy to understand. The decrease in prevalence from 2010 to 2014 only is likely explained by the limited studies and low prevalence reported by four of seven studies (6.2 %, 25 6.3 %, 46 6.6 %, 22 and 6.7% 57 ). A study from Qingdao City reported an increase in the prevalence of T2DM from 10.1 % to 13.8 % in urban areas and from 7.7 % to 12.2 % in rural areas from 2001 to 2006. 72 However, the findings of the present study suggest that the prevalence of T2DM has increased more quickly in urban than rural areas. Potential reasons are the gradual Westernization of lifestyle, inappropriate dietary habits, lack of physical activity, and long life expectancy among urban residents in recent years.
The prevalence of T2DM increased more quickly in males than females, which is consistent with a national study of a dynamic trend of adult diabetes in China from 2000 to 2009, 77 as well as the results of a worldwide study of secular trends in diabetes from 1980 to 2014. 74 Extremely low prevalence in three of the six studies 22, 25, 57 evaluated herein may suggest a decline from 2010 to 2014.
We did not observe a significant difference in the prevalence of T2DM between males and females from 1995 to 2004. However, Xu et al. 54 found a higher prevalence of T2DM among males than females in 2010. The relatively higher increase in prevalence for males than females may be due to males having a higher prevalence of some risk factors for T2DM, such as tobacco use (25.9 % vs 2.4 %). 78 Further research is needed to explain the apparent discrepancy.
We found increased prevalence of T2DM with increasing age from 1995 to 2014. A similar trend was observed in a recent national study in China. 54 The prevalence of T2DM increased more over time for older and middle-aged groups than younger groups. Similarly, in one study examining prevalence in 2000 and 2009, the prevalence of T2DM increased from 4.0 % to 6.6 % for participants aged ≥60 years, from 1.4 % to 2.5 % for those 40-59 years, and from 0.4 % to 0.4 % for those aged 20-39 years. 77 We found a decrease in the prevalence of T2DM for participants aged 40-59 and Figure 4 Egger's plot of publication bias for studies of the prevalence of type 2 diabetes mellitus. ≥60 years from 2010 to 2014, which may be due to the limited number of studies over this period and the extremely low prevalence reported in two of the three studies. 22, 57 The prevalence of T2DM increased with increasing AGDP of regions. The upward trend was consistent with several recent national studies of adult Chinese. 54, 56, 76 Differences in dietary habits, lifestyle, and sociodemographic factors among residents of different economic regions may explain this finding. The pooled prevalence of T2DM is affected by the diagnostic criteria in the present study. The diagnostic criteria used to define T2DM changed over time. In our study, Criterion A (1985 WHO 14 ) was used to ascertain diabetes among studies from 1995 to 1998, Criterion B (1999 WHO 15 ) was used for studies from 1997 to 2012, Criterion C (1997 ADA 16 ) was used for studies from 1998 to 2010, and Criterion D (2009 ADA 17 ) was used for studies from 2009 to 2010. Thus, the time when the studies were performed may explain, in part, differences the in prevalence because of the different diagnostic criteria. In addition, the lowest pooled prevalence with Criterion A (1985 WHO 14 ) may be explained by the highest cut-off point of fasting plasma glucose in this criterion compared with the other criteria.
A main advantage of the present study is that we showed a secular trend of pooled prevalence and 95 % CIs among the adult population of mainland China in the four time periods, as well as prevalence by location (urban or rural), gender, and age category. Moreover, the sample size is large, which suggests a highly accurate and precise pooled estimate. In addition, we provide further strong evidence of the association of gender, age, location, AGDP, and diagnostic criteria with prevalence of T2DM.
However, the selection bias of the present study may have led to an over-or underestimation of the prevalence of T2DM in China. Furthermore, in categorizing age ranges, which overlapped with standardized age ranges listed, the prevalence data for the 35-44 years age group was pooled with the 40-59 years age group, and a similar method was used to pool the 55-64 years age group. Although this method led to discrepancies in categorizing age ranges, its effect was limited to our reported findings. 10, 12 In addition, most of the studies included used only fasting plasma glucose to detect undiagnosed T2DM, which may underestimate the prevalence of T2DM. 79 In addition, we considered adult diabetes in general as T2DM in the present review. Nevertheless, this selection did not affect the prevalence data because T2DM accounts for over 90 % of the prevalence of diabetes in Chinese people. 80 Despite an extensive search, data for different years and areas were limited, especially in the 2010s and in some low-and middle-income areas, which introduced variations in precision levels and lack of pooled prevalence rates by time for AGDP and diagnostic criteria. The present study combined the prevalence rates for the included studies, with different definitions for diabetes, based on the method used in some meta-analyses, 10, 11, 81, 82 which may have increased uncertainty intervals because of their limited comparability. Because of these limitations, we cannot draw more robust and precise conclusions for the prevalence of T2DM in China.
Given an upward trend in the prevalence of T2DM over time, more studies are needed to clarify the factors affecting T2DM to effectively delay and even prevent the development of T2DM. In addition to the factors we mention herein, many other factors are associated with the development of T2DM, 83-89 including physical activity, education level, marital status, occupation, income level, sleep duration, family history, weight, blood pressure, ethnicity, serum lipid levels, cardiovascular disease, air pollution, heredity factors, and lifestyle.
However, we could not analyze these factors because of limited original data. These factors should be analyzed in further studies to ascertain the true and even causal relationship with T2DM.
In conclusion, we found a trend for increased prevalence of T2DM in adults in China from 1995 to 2009 and a decrease from 2010 to 2014, a higher prevalence in urban than rural populations, an increased prevalence with age and AGDP, and a greater increase over time in urban than rural areas, in males than females, and in older than younger adults. Thus, comprehensive and specific prevention interventions should be taken to respond to the emerging diabetes epidemic in China.
